An inventory-based method for the assessment of landslide susceptibility is presented in this article. The method has been tested in the Virginio River Basin, a tributary of the Arno River whose confluence is located about 20 km downstream from Florence (Italy). The scope of this study includes setting up a procedure for landslide hazard zoning to be applied by those urban planners typically working on small areas at large scale. The proposed method deals with traditional and well-known landslide hazard analyses, based on geomorphological tools, and its most original contribution is represented by the attempt to carry out and apply a technique for landslide hazard assessment that takes into account two different scales of analysis. The basis of a detailed landslide inventory and the first phase of this research was an in-depth geomorphological investigation at basin scale (1: 25,000-1:10,000). This was aimed at indicating the most important factors influencing the landslide processes within the area, which also turned out to be the most generally accepted factors: a) slope gradient in which the landslide originated, b) lithology, and c) land cover. Once those factors were defined as thematic vector data, they were expressed using GIS overlay mapping, allowing the identification, for the entire Virginio River basin, of first-order homogeneous domains (Unique Condition Units, UCUs) that contain, for each landslide type, unique combinations (domains) of the selected hillslope stability factors. The domains are the basic Terrain Units for the subsequent landslide susceptibility assessment and mapping, which was carried out at slope scale (1: 10,000-1:2,000). Landslide factors not identified in the first phase of analysis, but considered to have played an important role in contributing to the activation of the mass movements, so-called secondorder landslide preparatory factors, have been taken into account in the second phase of the analysis. Once mapped and spatially referenced, these factors were overlain by vector-based GIS techniques to define second-order UCUs which, in turn, constituted the basis of a landslide susceptibility function. Essentially, this is a logic function based on the presence/absence of preparatory factors and slope instability indicators within previously selected Unique Condition Terrain Units. The final mapping of the areas characterized by different landslide susceptibility levels was performed by vector-and raster-based GIS techniques on the
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INTRODUCTION
Landslide hazard and risk analysis has been gaining interest from urban planners and policy makers because of the increasing socioeconomic impact of landslides on human activities (Schuster, 1996) . In 1998 the Italian Government, following the landslide disaster that affected the Sarno area (Campania Region), promoted new policies on landslide and flood risk assessment that require National and Regional River Basin Authorities to identify and map areas subject to landslide risk on the basis of four different levels.
The law, even though representing an important step toward the establishment of correct land planning policies, disregards some important factors that require consideration. In particular, mass movements are not differentiated on the basis of type or intensity, which should be carefully taken into account for the prediction of possible damages. A basic requirement of the law is that ''a key action for mapping areas characterized by different landslide susceptibility levels is the correct recognition of events that have occurred in the past.''
The first step of a landslide risk analysis is a landslide hazard assessment. In most cases it is not possible to evaluate the landslide hazard in absolute terms because of the difficulties associated with acquiring a statistically significant amount of data regarding the temporal frequency of movements or a sufficient understanding of the relationships associated with activation and triggering events (e.g., intense rainfall and earthquakes). For this reason, small-scale landslide hazard analyses are conducted to evaluate how, in relative terms, the territory is prone to landsliding (Varnes and IAEG, 1984; Einstein, 1988; Canuti and Casagli, 1996) . This information is commonly acquired by merging slope processes (effects of instability) with analysis of physical terrain features that are responsible for instability (causes). As emphasized by Sorriso Valvo (2002) , this kind of landslide hazard may be identified by the term 'landslide susceptibility,' commonly defined as the landslide hazard zoning in space with no reference to time (Brabb, 1984; Sorriso Valvo, 2002) . The quality of susceptibility analyses is often controlled by the scale at which phenomena occur, compared to that at which they are surveyed in the analysis. If the former is smaller than the latter, a misleading factor is introduced that can affect the correctness of the entire assessment procedure. Another important limitation is represented by the availability of spatial terrain data. For most parts of Italian territory, geological maps, land cover maps, and landslide inventories are commonly available at scales ranging between 1:25,000 to 1:10,000, while a digital terrain model with a planimetric resolution of 20 m is available for the whole territory.
Existing Methodologies for Landslide Susceptibility Assessment
Conventional methods to assess landslide susceptibility, according to Soeters and Van Westen (1996) and Aleotti and Chowdhury (1999) , can be classified into four broad categories: a) landslide inventories, b) heuristic methods, c) statistical analyses, and d) deterministic approaches.
The landslide inventory represents the most basic and simple method of landslide hazard assessment. In its basic form, the hazard map is derived directly from the landslide inventory map. This method is only partially satisfactory because attributing null hazard levels to areas outside the landslide boundaries excludes areas in which landslides have not currently been recognized. For this reason, this method is suitable only to areas in which easily recognizable landslides are prevalent.
Heuristic approaches are usually based on geomorphological analyses aimed at recognition and correct interpretation of the factors that control landslide occurrences. The hazard assessment is carried out by a geomorphologist, through both fieldwork and aerial photointerpretation. In some applications, the analysis is accomplished by combining several thematic maps in which factors affecting landslide occurrence are weighted on the basis of the skills and experience of the earth scientists responsible for the analysis. Heuristic approaches have been criticized repeatedly by several authors because of their highly subjective nature (Soeters and Van Westen, 1996) .
Several authors agree that statistical methods are more appropriate for hazard zoning, since the degree of subjectivity is reduced to a minimum. Results of the inventory are compared with the physical terrain factors influencing landslides. In particular, multivariate statistical approaches (black-box models such as factor analysis or discriminant analysis) have been successfully applied in landslide hazard mapping (Carrara et al., 1978; Carrara, 1983 Carrara, , 1984 Carrara, , 1989 Carrara et al., 1990 Carrara et al., , 1991 . However, such approaches, although conceptually simple, also have some limitations because of the great complexity in identifying the slope-failure processes, systematically collecting and representing all predisposing factors related to landsliding, and applying geomorphological predictive modeling of failure over large areas (Guzzetti et al., 1999) . Theoretical limitations could arise from transforming nonparametric variables, usually codified on the basis of an ordinal scale, into absolutescale measured variables (Sorriso Valvo, 2002) . Often the field mapping scale of variables considered in the analysis is different from the scale at which slope instability phenomena occur or have to be recognized. In addition, there are several local slope instability indicators (crevices, trenches) that play an important role in the forecasting of a landslide event but are not usually included in statistical analyses. Statistical methods performed best when applied at the scale of regional land planning (;1:100,000-1:25,000), but encountered major limitations when used for urban planning purposes at the local scale (;1:10,000-1:2,000).
Deterministic approaches consist of slope stability analyses generally designed to determine a safety factor. Application of deterministic models requires detailed geotechnical and hydrological data and the correct knowledge of the failure mechanisms affecting the investigated slopes. Except for failure mechanisms that can be interpreted through infinite slope models, a twodimensional problem easily managed by GIS (Montgomery and Dietrich, 1994; Terlien et al., 1995 ), deterministic models are suitably applied only to small areas, at the scale of a single slope.
The main goal of this research is to develop a userfriendly methodology for landslide susceptibility assessment, based on field geomorphological reconnaissance. In particular, the proposed criteria are for the performance of 'microzoning' landslide susceptibility at local scales (reference scale 1:10,000-1:2,000). The landslide susceptibility maps could be useful for end users, such as the National and Regional River Basin Authorities, who are responsible for land planning activities. The methodology consists of three main phases: a) analysis of a landslide inventory, b) production and use of thematic maps of landside factors, and c) specific field investigations to assess locally variable susceptibility levels.
Geomorphological and Geological Settings of the Virginio River Basin
The Virginio River Basin was selected as the test site for the application of this method because it is representative of lithological, climatic, vegetational, and land cover conditions common to several large regions in central Italy and the Mediterranean. The Virginio River is located in the middle portion of the Arno River basin ( Figure 1 ) and it is a southern tributary of the Pesa River, which is, in turn, a tributary to the Arno River about 20 km downstream from Florence, Italy. The most important hypsographic characteristics of the Virginio River basin are summarized in Table 1 .
According to rainfall data gathered over a 30-year period by the rain gauges of Tenuta il Corno and Montespertoli, located, respectively, along the eastern and western water divides of the catchment area, the Virginio River basin receives a mean annual rainfall of 895 mm, concentrated in autumn and spring (with maximums in November and April). Summer is usually very dry.
From a geological point of view, the basin was completely dissected by Pliocene marine succession. The outcrops in the area were mapped in detail by Canuti and others (1982) and Amato (2001) . The sediments were deposited mostly during the lower Pliocene; fill basins developed after the end of the main compressional phase of this inner part of the Apennines (Martini et al., 2001) . Traditionally these basins have been interpreted to be a consequence of an extensional tectonic phase (Merla, 1952) that affected the whole of the Apennines from the Tortonian. These depressions went through phases of high subsidence with rates that overcame the deposition rates. They are typically characterized by an eastward asymmetry because of the greater development of normal faults on Landslide Susceptibility Assessment the eastern side with respect to the antithetic faults that border the basins along its western side. The outcropping terrains are marine and lacustrine sediments (Pliocene to Pleistocene) in almost horizontal beds, over which recent fluvial deposits of the Virginio River are deposited ( Figure 2 ). Following what was proposed by Canuti and others (1982) , the main terms of this cyclic series are, from the surface down: Pcg, weakly cemented conglomerates with a sandy to silty matrix, representing the most western deposits of the more widespread outcrops that are present in the Pesa River Basin (S. Casciano pebbles), interpreted as deltaic succession deposits (Canuti et al., 1966) ; Pcg-S, conglomerates and weakly indurated sands, representing the passage in the deposition between pebbles and sands, with lateral alternations resulting from the several pulses of transgression and retreat of the sea. Ps, sands, sometimes weakly indurated, with levels composed of loose materials that prevail in the western and more distal area of the deltaic system; Ps-Pag, levels of sands and clay materials, sometimes with poor mechanical properties, representing the passage to a deep-water depositional environment; and Pag, clays of marine origin outcropping at the base of the succession only in the Montespertoli area.
Land cover is represented mainly by vineyards and olive groves. These agricultural activities have long been the principal cause of hillside modification (Canuti et al., 1979a (Canuti et al., , 1979b 1982) . In the flatlands, the principal crops are wheat, corn, and sunflower, which are generally sown at the end of the winter.
The relief is smooth and somewhat gentle, but the general slope gradients are about 108, especially where the soils are more suitable for the cultivation of grapevines and olives. Often slopes show stepped profiles controlled by the horizontal bedding and differences in lithology that strongly control the hillslope processes.
Outline of the Methodology and its Application
The proposed methodology is an attempt to overcome some of the previously mentioned limitations in terms of field representativeness and degree of subjectivity when dealing with landslide susceptibility mapping at a local scale. The application of detailed stability slope scale analyses to a geographical context (such as the Virginio River basin), in which instability processes are very common, is impractical, if not unfeasible. For this reason we decided to set up a double-level investigation to represent the most innovative feature of this method. The analysis consists of a detailed geomorphological field investigation, combining the results of geomorphological, geological, hydrogeological, and land cover surveys at hillslope scale (1:10,000-1:2,000), on those portions of the territory previously defined at basin scale (1:25,000-1:10,000), as being prone to landslides.
Application of the present methodology requires knowledge of physical terrain features that became standard requirements in most landslide susceptibility analyses (Aleotti and Chowdhury, 1999) , including: landslide inventory maps; lithological maps (at a reference scale of 1:10,000); Digital Elevation Models with adequate resolution (in the Apennine area the maximum pixel size should be 100 m 2 ); and land cover maps.
The different concepts highlighted in the Introduction section of this article are briefly summarized in the flow chart in Figure 3 . Setting up a landslide inventory is the preliminary requirement for application of the methodology, followed by other phases that, with increasing detail in the analysis, lead to the mapping of landslide susceptibility.
In this approach, causes and effects of landslides are ranked on the basis of two broad categories, considered significant at different scales (Table 2) : first-order causes are landslide preparatory factors (LPF), well known to be the most important physical terrain features in predisposing the occurrence of a landslide, while secondorder causes are represented by all the other LPFs that locally control the dynamics of slope instability. At the same time, the inventoried landslides can be considered as first-order effects, available for describing slope processes at basin scale, while local indicators, such as formation of trenches and superficial creeping, can be considered effects at the slope scale. Finally, first-order and second-order causes and effects constitute input data for the implementation of different susceptibility functions (Table 2) .
Analysis of the Landslide Inventory
An inventory of active and dormant landslides has been compiled in the Virginio River area through a standard field data form set up by SGN (Italian Geological Survey) and the CNR-GNDCI (National Research Council-National Group for Hydrogeological Disasters Reduction) (Amanti et al., 1996) . The reference mapping scale was 1:10,000 and the inventory was performed following three major phases: analysis of available references and previous investigations; aerial photointerpretation carried out at different scales as a function of the availability of aerial photographs; and fieldwork designed to survey and validate the results obtained during the previous phases.
The literature review took into account both the scientific reports and the documents issued by the Public Administrations for urban planning purposes. The most important references were the geomorphological analyses of a portion of the Virginio River basin carried out by Canuti and others (1982) . This was one of the first examples of multitemporal analysis of landslides aimed at the evaluation of slope activity, based on the Geomorphological Map produced by the Province of Firenze in 1995 and the preliminary investigations carried out by the Arno River Basin Authority.
Most of the aerial photointerpretation was carried out on the photographs from SOREM, 1998, elevation 1,100 m (proximal scale 1:7,500) and was limited to the southern sector of the basin to CGR Parma 1993/1994. The digital ortho-photos (1:10,000 scale) from AIMA-1997 were used to reconstruct the activity of the landslides and to apply a multitemporal analysis.
Most slopes of the Virginio River basin show the typical forms of a landscape affected by landslide activity. Although farming activities partly hide superficial evidence of landslides, scars and counterslopes can Landslide Susceptibility Assessment be found, usually close to the main water divide. Hummocky forms prevail along the median part of the slopes. The toe area is recognizable as a pronounced lobe.
Fieldwork carried out during the month of April 2001 confirmed (as stated, for example, by Ardizzone et al. (2002) and Sorriso Valvo (2002) ) that even though the aerial photointerpretation is a cost-effective procedure for mapping landslides, it has a low degree of accuracy, especially when a subsequent detailed field survey is not conducted.
During the field survey phase, it was important to recognize that several landslides classified as dormant by the aerial photointerpretation showed signs of recent reactivation, probably due to severe rainfall events in the area between November 2000 and April 2001 (with a peak of 167 mm of rainfall in the northern part of the Arno River basin on November 20 and 21, 2000). Rotational and translational slides prevail, mainly along deep-seated rupture surfaces. They sometimes evolve into earth flows at the toe (Figure 4) . With reference to the scheme proposed by Cruden and Varnes (1996) , recorded velocities range between slow and moderate. Rupture surfaces are often located along overconsolidated clays. Results of geotechnical tests carried out on this material (Caioli, 1993) , and shown in Table 3 , give high values of cohesion and peak friction angle indicating that, for the most part, rotational and translational slides affecting the Virginio area first developed under climatic and geomorphological conditions different from those observed at present. For example, they initiated at higher slope angles and, at present, they move essentially as reactivations characterized by residual shear-strength parameters. This assumption is confirmed by the fact that new generation rupture surfaces are usually small in size and shallow seated, mainly affecting artificial cuts excavated in cohesionless terrains for both road construction and farming activities. As previously mentioned, rainfall is the most important cause of landslides in this area, followed by fluvial erosion processes which are very active where clayey terrain outcrops in the valley bottom. Human activities are also important and are mainly connected to agriculture practices.
In the Virginio area, falls of poorly cemented soils and first-time debris slides are also present, mainly affecting the steep slopes that develop as a result of geological (e.g., outcrop of sands and weakly cemented conglomerates) or human (e.g., slope cutting, anthropogenic terraces) causes. Falls and first-time debris slides may occur also as a consequence of the increase in stress conditions associated with unloading, foot erosion, and retrogressive activity of reactivated rotational slides located in the middle part of the slopes.
The volumes of falls are usually small (largest volume approximately 1,000 m 3 ), with run-outs that are generally limited to the height of the slopes (5-15 m), since detached material simply piles up at the base of the slope as a consequence of the abrupt change of slope gradient produced by the change in lithology.
In summary: (a) The most important landslide types and mechanisms can be grouped into three broad classes in terms of destructive potential: falls and first-time debris slides; reactivation of earth slides; and earth flows. (b) Correct recognition and interpretation of landslide types allows the realization of an a priori attribution of intensity levels as a function of observed historical damages (Table 4) . (c) Analysis of the landslide inventory, through a frequency analysis of factors such as lithology, slope angle, and land cover of landslide area ( Figure 5 ), allows us to outline the boundaries of firstorder LPFs associated with each landslide mechanism (Table 5 ). (d) During this phase of the analysis of the inventory it was also possible to select the most relevant second-order LPF and slope instability indicators or factors (SIF) for each landslide mechanism (Table 5) . A detailed field survey of a sample of 32 landslides randomly selected from among the 285 contained in the inventory was performed. Analysis of this sample allowed us to identify the most important second-order LPF for each landslide type, resulting in the following phase of the susceptibility mapping at local scale. Three main categories of second-order LPFs were recognized: lithotechnical, hydrogeological, and human. Table 6 reports some of the results of this field activity. Particular attention was devoted to the interpretation of lithotechnical features. Following the proposal by Canuti and others (1982) , lithologies, outcropping in correspondence with the crown of the landslides, have been subdivided on the basis of lithological assumptions and subsequently classified following the Unified Soil Classification System of the U.S. Army Corps of Engineers (Table 7) . This operation enables us to standardize the procedures, making the adopted methodology eventually applicable to other geological and geomorphological settings.
Identification of Macroareas
This phase of the investigation, starting from the analysis of the landslide inventory, has the purpose of recognizing, for each possible landslide mechanism, the stable portions of the study area, in order to focus investigations at slope scale in the rest of the basin area. Analysis of the inventory allows selection of first-order preparatory factors that can be associated with the presence of landslides.
Once identified, the classes of first-order LPFs are reciprocally intersected by vector GIS overlay techniques leading to the definition, for the entire basin, of map units corresponding to the concept of Unique Condition Unit (UCU) . Such units are homogeneous, starting from first-order LPFs, and they result from the combination of only those classes of factors that can be associated with landslides. UCUs are then amalgamated to form macroareas (Figure 6 ), a sort of spatial enlargement of a single UCU, which are considered to maintain the same properties of the original UCU from which they have been generated. The production of macroarea boundaries has been created by delimiting, starting from the Digital Terrain Model (DTM), the catchments with the lowest order , a practice obviously controlled by the DTM resolution. Then, an intersection of the catchment layer and the UCU is performed in order to exclude all the catchments in which the UCUs were absent. In this phase it is assumed that 'macroareas' have the same properties as the UCU from which they have been generated. The aim of this operation is to outline for each landslide type the parts of the territory that may potentially generate landslides, while the rest of the areas can be associated with stable conditions with respect to the considered landslide type. In this way, the extent of the territory to be subjected to further investigations at slope scale can be diminished, thereby excluding from the analysis areas not considered to be prone to landsliding starting from first-order LPFs.
At the end of the process, different sets of macroareas, corresponding to the number of landslide types, are produced. In summary, the macroareas are characterized by the following properties: for first-time failures, macroareas represent zones with a combination of LPFs that favor the possible formation of new slides; and for reactivated landslides, macroareas have a different meaning since, if the inventory were complete, macroareas would exactly coincide with landslide boundaries. Since no inventory can be considered complete, especially in areas with intense anthropogenic activity, macroareas are simply zones in which the combination of preparatory factors makes it possible that undiscovered or obliterated landslides (capable of reactivation) may be present.
Investigations at Hillslope Scale
With reference to Figure 3 , the central part of the application of the methodology is represented by investigations at local hillslope scale (1:10,000-1:2,000). Each macroarea is the object of a field survey aimed at mapping second-order LPFs (Table 2) and SIIs (Table 8) . Then landslide factors are transformed into vector-based Boolean variables of presence (1) and absence (0), following the same approach proposed by Chung and others (1995) in a multivariate statistical analysis. The intersection of second-order LPFs by GIS techniques, allows us to single out second-order UCUs that represent the terrain units for mapping the landslide susceptibility (within each set of macroareas).
The transformation of second-order LPFs into Boolean variables represents a crucial step for application of the Table 6 . Results of the investigation at basin scale regarding second-order preparatory factors for reactivation of rotational and translational slides. See Table 7 for the meaning of abbreviations. presented methodology, allowing the subdivision of the territory as a function of the number of LPFs and SII that are present in each second-order UCU. This is the basic requirement for the successive setting up of the landslide susceptibility function. For this reason, particular attention has been focused on detecting and mapping local instability indicators that have been represented as point features on the GIS. Table 8 shows a checklist of local SIIs slightly modified from what was proposed by Crozier (1984) for the reconnaissance of the state of activity of landslides.
Susceptibility Function
The last part of the analysis is aimed at setting up a function for the landslide susceptibility assessment. Taking into account the geomorphological settings of the study area, a logic function was chosen, based on the number of second-order LPFs and SIIs that are present in each second-order UCU.
The first step is constituted by the a priori definition of the number of classes for performing the landslide susceptibility ranking (relative hazard). In this application, we decided to utilize four classes, following the requirements of the law of the Italian Republic 267/98. Different methods for combining second-order LPFs and SIIs on the basis of different susceptibility classes could be adopted as well; they are almost the same as those proposed in the literature for the landslide susceptibility analysis at basin scale Aleotti and Chowdhury, 1999) . However, data gathered by the analysis at slope scale are usually not sufficient for carrying out deterministic approaches, whereas statistical methods are subject to the previously mentioned problems associated with the coupling in the same analysis of categorical, discrete, numerical variables. For this reason, a logic function is preferred and was based on binary switches of a checklist of second-order LPFs and SIIs. Table 9 describes in detail the utilized landslide susceptibility function: (S3): areas at very high susceptibility containing landslides classified as active or dormant following Cruden and Varnes (1996) . As previously mentioned, landslides affecting the Virginio basin essentially move as reactivations. It was assumed that areas containing active or dormant landslides are more hazardous because of their higher frequency of activation (in time). Furthermore, it was also decided to include in this class the areas not strictly involved in landslides, but in which at least three SIIs were recognized. In this way, SIIs are managed as elements precursory to the movement; (S2): areas in which second-order LPFs coexist with at least one SII can be considered as moderately susceptible because they are a measure of how the slope is prone to landslides; (S1): areas classified as low susceptibility are characterized by the presence of only second-order LPFs; and (S0): areas placed outside the borders of the macroareas can be considered to have no susceptibility to landsliding.
It should be noted that there are high subjectivity levels associated with the application of an experience-driven geomorphological approach to landslide susceptibility analysis, which may be misleading if the final goal is the physical comprehension of the rules that control the triggering and development of landslides. The choice of a logic function was preferred in order to minimize the uncertainties derived from the application of the methodology. As a general rule, great emphasis was given to Figure 6 . Map showing the envelopment of UCU to form 'macroareas' for the three different types of landslides; the gray dotted line highlights the basin portion to which the three 'macroareas' selected for the methodology description belong.
the interpretation of local SIIs that represent the most important, and maybe unequivocal (when physical terrain properties are not enough for adopting deterministic models), tool for understanding how a certain area is potentially prone to landslides. The proposed function can be considered a conceptual scheme exportable as well to other geographical contexts that show similar characteristics, starting from the processes that are responsible for landscape evolution. For instance, it can be assumed that its direct application, in the present form, is recommended only for Neogene basins belonging to the Northern Apennines, where landslides that move as reactivations on deep-seated surfaces prevail, while it should be adapted in the case of areas mostly affected by first-generation, shallow-seated landslides.
RESULTS
An outline of the results gathered by the application of the previously mentioned landslide susceptibility function is shown in Figure 7 , which refers to the same area located in the western middle portion of the Virginio River basin. These results emphasize that the areas susceptible to falls and first-time debris slides are the most dangerous in terms of potential risk, since they are of high intensity and overlay most of the urban areas and part of the main road system located in the basin. In contrast, areas susceptible to reactivation of rotational slides are sited along the middle portion of the slopes, involving zones devoted to agricultural practices and high-value typical crops and, in some cases, isolated buildings and secondary road networks are affected; the highest susceptibility for reactivation of earth flows is concentrated in the lowest portion of the slopes, sometimes affecting the main road system located along the flood plain.
CONCLUSIONS
The assessment of landslide susceptibility represents a first level of knowledge that is crucial and precursory for the whole process that leads to landslide hazard identification. In a highly urbanized country such as Italy, a hazard analysis can be performed with adequate accuracy only at a local scale. As a consequence, the proposed methodology addresses a microzoning of susceptibility on the basis of detailed (1:10,000) standard geomorphological investigations.
Such an approach, although resulting in very intense and time-consuming collection of data through fieldwork, permits an accurate identification of the different physical and anthropogenic variables characterizing unstable areas. Together with the adoption of first-order LPFs and macroareas, it allows us detailed scale surveys, not only on unstable areas but also on regions potentially prone to first-generation phenomena, or in zones in which active movements are obliterated or difficult to recognize because of human activities.
The GIS mapping and the following transformation of both first-and second-order LPFs into GIS vector-based layers enables the upgrading of the various themes and, by means of improvement of the susceptibility functions, a better reliability of final maps. This feature is very important since many preparatory factors, especially those associated with first-generation landslides, are variable in time, determining a change in landslide susceptibility and associated hazard.
In summary, some features resulting from the application of this kind of approach can be highlighted: (a) ease of use and reapplication for end-users (local administrations, urban planners) without assistance of academic landslide 'experts'; (b) investigations and techniques are differentiated according to the different landslide types; (c) consistency with the principle that landslides should be correctly interpreted and mapped at the scale at which they occur. One of the most important problems connected with the application of indirect mapping methods comes from the scales at which the survey is carried out. Several phenomena can be correctly interpreted only at the slope scale and, in this case, hazard levels are difficult to map correctly by indirect mapping techniques when the scale is rather large (1:10,000); (d) intensity of the events considered as a function of the different landslide types; (e) different data management for first-time landslides and reactivations (which also have different intensities); (f) in order to overcome limitations presented in item c, the methodology requires that investigations should be carried out at two different scales. The basin scale analyses aimed at selecting the portion of the territory that may be prone to landsliding and analyses at the slope scale that allows us the detail inside each macroarea of different landslide susceptibility levels (inside each landslide level); and (g) an important need for the correct use of this approach is the availability of spatial terrain data. For most of Italy, geological maps, land cover, and landslide inventories are commonly available at scales ranging between 1:25,000 and 1:10,000, as well as a Digital Terrain Models, with a 20 m/pixel resolution. The analysis carried out for the case study of the Virginio River basin divided the landslide susceptibility into four classes (S0, S1, S2, S3). The adopted sus- ceptibility function is based on logic operators and results from the assessment of the presence/absence of actual geological and geomorphological evidence, such as active or dormant landslides and local SIIs. For such reasons, by adequately varying the input parameters, the susceptibility function can be adapted to other situations, close to the Virginio River basin, starting from the geological and geomorphological point of view.
